ELECTRODE STRUCTURE AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to an electrode structure 
including a silicon-containing film containing silicon as a 
principal constituent, a barrier metal layer formed on the 
silicon-containing film and a metal film with a high melting 
point formed on the barrier metal layer, and a method for 
fabricating the electrode structure. 

In a conventional MOS transistor, the gate electrode is 
formed from a polysilicon film. In accordance with increased 
refinement and operation speed of LSIs, there are increasing 
demands for lowering the resistance of a gate electrode of a 
MOS transistor. 

For the purpose of lowering the resistance of a gate 
electrode, technique to use, as a gate electrode, a polymetal 
gate electrode of a multi-layer film including a lower 
polysilicon film and an upper metal film with a high melting 
point is proposed, and a tungsten film is proposed for use as 
the upper metal film with a high melting point. When a 
tungsten film is used as the upper metal film with a high 
melting point, the resistance of the gate electrode can be 
lowered . 

It is necessary to form, between the polysilicon film 



and the tungsten film, a barrier metal layer of , for example, 
titanium nitride (TiN) for preventing a dopant (such as B, P 
and As) introduced into the polysilicon film from diffusing 
into the tungsten film (as described in, for example, 
5 Japanese Laid-Open Patent Publication No. 11-261059). 

FIG. 8 shows the cross-sectional structure of a multi- 
layer film obtained before forming a polymetal gate electrode 
by patterning. As shown in FIG. 8, a polysilicon film 3, a 
barrier metal layer 4 of a titanium nitride film and a 
10 tungsten film 5 are successively formed on a semiconductor 

ru 

fil substrate 1 with a gate insulating film 2 sandwiched 

m 

j '3 therebetween. The polymetal gate electrode is formed by 

1;^ patterning the multi-layer film. 

In the conventional polymetal gate electrode, the 
r5 15 interface resistance between the polysilicon film 3 and the 
barrier metal layer 4 is disadvantageously high. Also, when 
the polymetal gate electrode is subjected to high temperature 
annealing, such as annealing for activating dopant layers 
serving as the source and the drain, the interface resistance 
20 becomes higher. 

The present inventors have variously studied the cause 
of the high interface resistance between the polysilicon film 
3 and the barrier metal layer 4, resulting in finding the 
following. Now, the reasons why the interface resistance 
25 between the polysilicon film 3 and the barrier metal layer 4 
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is high and why the interface resistance becomes higher 
through high temperature annealing will be described with 
reference to FIGS. 9A and 9B. 

FIG. 9A shows the cross-sectional structure, observed 
with a TEM (transmission type electron microscope), of a 
multi-layer film, which is to be patterned into a polymetal 
gate electrode, formed by successively depositing a barrier 
metal layer 4 of titanium nitride and a tungsten film 5 on a 
polysilicon film 3. On the interface between the polysilicon 
film 3 and the barrier metal layer 4, a reaction layer 6 of a 
compound (SiN) principally including silicon (Si) and 
nitrogen (N) having a very high resistance value is formed. 
Owing to the reaction layer 6 , the interface resistance 
between the polysilicon film 3 and the barrier metal layer 4 
is high. 

FIG. 9B shows the cross-sectional structure, observed 
with a TEM, of the multi-layer film to be patterned into a 
polymetal gate electrode obtained after subjecting it to high 
temperature annealing. As is understood from comparison 
between FIGS. 9A and 9B, the reaction layer 6 is increased in 
its thickness because the reaction between silicon and 
nitrogen is proceeded through the high temperature annealing. 
Accordingly, the interface resistance between the polysilicon 
film 3 and the barrier metal layer 4 becomes higher. 

Now, the procedures for successively depositing a 



barrier metal layer 4 of titanium nitride and a tungsten film 
5 on a polysilicon film 3 will be described with reference to 
FIGS. 10A through IOC. 

First, as shown in FIG. 10A, a polysilicon film 3 is 
deposited on a semiconductor substrate 1 with a gate 
insulating film 2 sandwiched therebetween, and the resultant 
semiconductor substrate 1 is placed in a first chamber A in 
which a titanium target 7 including titanium as a principal 
constituent is disposed. Thereafter, a mixed gas of an argon 
gas and a nitrogen gas (in which the partial pressure ratio 
(volume flow ratio) of the nitrogen gas is approximately 60%) 
is introduced into the first chamber A, and discharge is 
caused in the first chamber A. Thus, plasma of the argon gas 
and the nitrogen gas is generated, so that a reaction layer 6 
of a compound including silicon and nitrogen as principal 
constituents can be formed on the polysilicon film 3 through 
a reaction between nitrogen ions included in the plasma and 
silicon included in the polysilicon film 3. 

When the discharge is continuously caused in the first 
chamber A, a titanium nitride film 8 is formed on the 
titanium target 7 and the titanium nitride film 8 is 
sputtered so as to form a barrier metal layer 4 of titanium 
nitride on the reaction layer 6 as shown in FIG. 10B. 

Next, after the resultant semiconductor substrate 1 is 
placed in a second chamber B in which a tungsten target 9 



including tungsten as a principal constituent is disposed, an 
argon gas is introduced into the second chamber B and 
discharge is caused in the second chamber B. Thus, the 
tungsten target 9 is sputtered so as to deposit a tungsten 
film 5 on the barrier metal layer 4. 

Subsequently, dopant layers serving as the source and 
the drain of the MOS transistor are formed in the 
semiconductor substrate 1, and annealing is carried out at a 
temperature of 750 or more for activating the dopant layers. 
Thus, excessive nitrogen included in the barrier metal layer 
4 of titanium nitride and silicon included in the polysilicon 
film 3 are reacted with each other, resulting in increasing 
the thickness of the reaction layer 6 as shown in FIG. 9B. 

When the interface resistance between the polysilicon 
film 3 and the barrier metal layer 4 is high and therefore 
the interface resistance between the polysilicon film 3 and 
the tungsten film 5 is high, the operation speed of the MOS 
transistor is lowered. Specifically, when the gate electrode 
is operated with AC (alternating current), distributed 
capacitance generated in the gate insulating film is 
repeatedly charged and discharged. Therefore, a current 
flows through the distributed interface resistance, and hence, 
the distributed interface resistance affects to lower the 
operation speed of the MOS transistor. When the operation 
speed of the MOS transistor is lowered, the operation speed 



of the entire LSI is lowered, so as to disadvantageously 
increase signal delay time. Since the operation speed of. an 
LSI is regarded to be the most significant today, the 
lowering of the operation speed of the MOS transistor by 
merely several % becomes a serious problem. 

In order to prevent the delay time of the MOS 
transistor from lowering, the interface resistance between 
the polys ilicon film and the metal film with a high melting 
point should be 200 Urn 2 or less. 

SUMMARY OF THE INVENTION 

In consideration of the aforementioned conventional 
problems, an object of the invention is lowering interface 
resistance between a silicon-containing film and a metal film 
with a high melting point included in an electrode structure. 

In order to achieve the object, the first electrode 
structure of this invention comprises a silicon-containing 
film containing silicon as a principal constituent; a barrier 
metal layer of titanium nitride rich in titanium as compared 
with a stoichiometric ratio formed on the silicon-containing 
film; and a metal film with a high melting point formed on 
the barrier metal layer. 

In the first electrode structure, the barrier metal 
layer of the titanium nitride rich in titanium as compared 
with the stoichiometric ratio is formed between the silicon- 



containing film and the metal film with a high melting point, 
and therefore, the amount of nitrogen included in the barrier 
metal layer is small. Accordingly, since the barrier metal 
layer includes a small amount of nitrogen to be reacted with 
silicon of the silicon-containing film through high 
temperature annealing of the first electrode structure, a 
reaction layer of a compound principally including silicon 
and nitrogen is never formed or is formed in merely a small 
thickness between the barrier metal layer and the silicon- 
containing film. As a result, even when the first electrode 
structure is subjected to high temperature annealing, the 
interface resistance between the silicon-containing film and 
the barrier meta layer can be prevented from increasing and. 
therefore the interface resistance between the silicon- 
containing film and the metal film with a high melting point 
can be prevented from increasing. 

The second electrode structure of this invention 
comprises a silicon-containing film containing silicon as a 
principal constituent; a first barrier metal layer of 
titanium nitride rich in titanium as compared with a 
stoichiometric ratio formed on the silicon-containing film; a 
second barrier metal film of titanium nitride including 
nitrogen in a ratio not less than a stoichiometric ratio 
formed on the first barrier metal layer; and a metal film 
with a high melting point formed on the second barrier metal 



layer. 

In the second electrode structure, since the first 
barrier metal layer of the titanium nitride rich in titanium 
as compared with the stoichiometric ratio is formed on the 
5 silicon-containing film, the amount of nitrogen reacted with 
silicon of the silicon-containing film through high 
temperature annealing of the second electrode structure is 
small. Therefore, a reaction layer of a compound principally 
q including silicon and nitrogen is never formed or is formed 

v3 10 in merely a small thickness between the first barrier metal 
m layer and the silicon-containing film. Accordingly, even 

; ^ when the second electrode structure is subjected to high 

«=j temperature annealing, the interface resistance between the 

3 silicon-containing film and the first barrier metal layer can 

;3 15 be prevented from increasing and therefore the interface 
resistance between the silicon-containing film and the metal 
film with a high melting point can be prevented from 
increasing - 

Furthermore, since the first barrier metal layer and 
20 the second barrier metal layer are disposed between the 
silicon-containing film and the metal film with a high 
melting point, a dopant introduced into the silicon- 
containing film is prevented from moving by the first barrier 
metal layer and the second barrier metal layer and hence is 
25 prevented from diffusing into the metal film with a high 
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melting point. Also, a silicide layer of the metal with a 
high melting point can be avoided from being formed through a 
reaction between silicon of the silicon-containing film and 
the metal with a high melting point of the metal film, 
5 Accordingly, even when the first or second electrode 

structure is subjected to high temperature annealing carried 
out at a temperature exceeding 600 , the interface resistance 
value between the silicon-containing film and the metal film 
with a high melting point can be suppressed to 200 Uim 2 or 
10 less, resulting in preventing the operation speed of the MOS 

yii 

| ! U transistor from lowering. 

Q The first method for fabricating an electrode structure 

* of this invention comprises the steps of forming a silicon- 

containing film containing silicon as a principal 
15 constituent; forming, on the silicon-containing film, a 
barrier metal layer of titanium nitride rich in titanium as 
compared with a stoichiometric ratio; forming a metal film 
with a high melting point on the barrier metal layer, whereby 
forming a multi-layer film including the silicon-containing 
20 film, the barrier metal layer and the metal film with a high 
melting point; and patterning the multi-layer film into an 
electrode structure . 

In the first method for fabricating an electrode 
structure, after forming the barrier metal layer of the 
25 titanium nitride rich in titanium as compared with the 
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stoichiometric ratio on the silicon-containing film, the 
metal film with a high melting point is formed on the barrier 
metal layer. Therefore, the first electrode structure in 
which the interface resistance between the silicon-containing 
film and the metal film with a high melting point can be 
prevented from increasing even through high temperature 
annealing can be fabricated. 

In the first method for fabricating an electrode 
structure, the step of forming the barrier metal layer 
preferably includes a sub-step of using a target of titanium 
nitride rich in titanium as compared with a stoichiometric 
ratio and causing discharge in an inert gas including 
substantially no nitrogen, whereby depositing, on the 
silicon-containing film, the titanium nitride rich in 
titanium as compared with the stoichiometric ratio sputtered 
out from the target. 

Since the target of the titanium nitride rich in 
titanium as compared with the stoichiometric ratio is used 
and the discharge is caused in the inert gas including 
substantially no nitrogen in this manner, the titanium 
nitride rich in titanium as compared with the stoichiometric 
ratio can be definitely deposited on the silicon-containing 
film. 

In the first method for fabricating an electrode 
structure, the step of forming the barrier metal layer 

10 



preferably includes a sub-step of using a target of titanium 
including substantially no nitrogen and causing discharge in 
a mixed gas of a nitrogen gas and an inert gas with a partial 
pressure ratio of the nitrogen gas lower than a nitriding 
point of the target, whereby depositing, on the silicon- 
containing film, titanium nitride rich in titanium as 
compared with a stoichiometric ratio formed through a 
reaction between titanium sputtered out from the target and 
nitrogen ions included in the mixed gas . 

Since the target of titanium including substantially no 
nitrogen is used and the discharge is caused in the mixed gas 
of the nitrogen gas and the inert gas with the partial 
pressure ratio of the nitrogen gas lower than the nitriding 
point of the target in this manner, the titanium nitride rich 
in titanium as compared with the stoichiometric ratio can be 
definitely deposited on the silicon-containing film. 

The second method for fabricating an electrode 
structure of this invention comprises the steps of forming a 
silicon-containing film containing silicon as a principal 
constituent; forming, on the silicon-containing film, a first 
barrier metal layer of titanium nitride rich in titanium as 
compared with a stoichiometric ratio; forming, on the first 
barrier metal layer; a second barrier metal layer of titanium 
nitride including nitrogen in a ratio not less than a 
stoichiometric ratio; forming a metal film with a high 
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melting point on the second barrier metal layer , whereby 
forming a multi-layer film including the silicon-containing 
film, the first barrier metal layer, the second barrier metal 
layer and the metal film with a high melting point; and 
patterning the multi-layer film into an electrode structure. 

In the second method for fabricating an electrode 
structure, after successively forming, on the silicon- 
containing film, the first barrier metal layer of the 
titanium nitride rich in titanium as compared with the 
stoichiometric ratio and the second barrier metal layer of 
the titanium nitride including nitrogen in a ratio not less 
than the stoichiometric ratio, the metal film with a high 
melting point is formed on the second barrier metal layer. 
Therefore, the second electrode structure in which the 
interface resistance between the silicon-containing film and 
the metal film with a high melting point can be prevented 
from increasing even through high temperature annealing can 
be fabricated. 

In the second method for fabricating an electrode 
structure, the step of forming the first barrier metal layer 
preferably includes a sub-step of using a target of titanium 
nitride rich in titanium as compared with a stoichiometric 
ratio and causing discharge in an inert gas including 
substantially no nitrogen, whereby depositing, on the 
silicon-containing film, the titanium nitride rich in 
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titanium as compared with the stoichiometric ratio sputtered 
out from the target, and the step of forming the second 
barrier metal layer preferably includes a sub-step of using 
the target and causing discharge in a mixed gas of a nitrogen 
gas and an inert gas with a partial pressure ratio of the 
nitrogen gas not less than a nitriding point of the target, 
whereby forming, on the target, a titanium nitride film rich 
in titanium as compared with the stoichiometric ratio and 
depositing, on the first barrier metal layer, the titanium 
nitride rich in titanium as compared with the stoichiometric 
ratio sputtered out from the titanium nitride film formed on 
the target. 

Since the first barrier metal layer is thus formed by 
using the target of the titanium nitride rich in titanium as 
compared with the stoichiometric ratio and causing discharge 
in the inert gas including substantially no nitrogen in this 
manner, the first barrier metal layer of the titanium nitride 
rich in titanium as compared with the stoichiometric ratio 
can be definitely deposited on the silicon-containing film- 
Also, since the second barrier metal layer is formed by 
causing discharge in the mixed gas of the nitrogen gas and 
the inert gas with the partial pressure ratio of the nitrogen 
gas not less than the nitriding point of the target, the 
second barrier metal layer of the titanium nitride including 
nitrogen in a ratio not less than the stoichiometric ratio 
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can be definitely deposited on the first barrier metal layer. 

In the second method for fabricating an electrode 
structure, the step of forming the first barrier metal layer 
preferably includes a sub-step of using a target including 
substantially no nitrogen and causing discharge in a mixed 
gas of a nitrogen gas and an inert gas with a partial 
pressure ratio of the nitrogen gas lower than a nitriding 
point of the target, whereby depositing, on the silicon- 
containing film, titanium nitride rich in titanium as 
compared with a stoichiometric ratio formed through a 
reaction between titanium sputtered out from the target and 
nitrogen ions included in the mixed gas, and the step of 
forming the second barrier metal layer preferably includes a 
sub-step of using the target and causing discharge in a mixed 
gas of a nitrogen gas and an inert gas with a partial 
pressure ratio of the nitrogen gas not less than the 
nitriding point of the target, whereby forming, on the target, 
a titanium nitride film rich in titanium as compared with a 
stoichiometric ratio and depositing, on the first barrier 
metal layer, the titanium nitride rich in titanium as 
compared with the stoichiometric ratio sputtered out from the 
titanium nitride film formed on the target. 

Since the first barrier metal layer is formed by using 
the target of titanium including substantially no nitrogen 
and causing discharge in the mixed gas of the nitrogen gas 
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and the inert gas with the partial pressure ratio of the 
nitrogen gas lower than the nitriding point of the target in 
this manner, the first barrier metal layer of the titanium 
nitride rich in titanium as compared with the stoichiometric 
5 ratio can be definitely deposited on the silicon-containing 
film. Also, the second barrier metal layer is formed by 
causing discharge in the mixed gas of the nitrogen gas and 
the inert gas with the partial pressure ratio of the nitrogen 
gas not less than the nitriding point of the target, the 

*:=! 
- Ft 

10 second barrier metal layer of the titanium nitride including 

FU 

;'U nitrogen in a ratio not less than the stoichiometric ratio 

.13. 

i;3 can be definitely deposited on the first barrier metal layer. 

;^ In the first or second method for fabricating an 

electrode structure, no titanium silicide layer is preferably 

: i si 

.2 15 formed on the silicon-containing film through annealing 
carried out on the electrode structure at a temperature of 
600 or more* 

Thus, occurrence of peeling between the silicon- 
containing film and the metal film with a high melting point 
20 can be definitely prevented. 

Accordingly, even when the electrode structure 
fabricated by the first or second method for fabricating an 
electrode structure is subjected to high temperature 
annealing carried out at a temperature of 600 or more, the 
25 interface resistance between the silicon-containing film and 
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the metal film with a high melting point can be suppressed to 
200 Ulm 2 or less , resulting in preventing the operation speed 
of the MOS transistor from lowering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a cross-sectional view of an electrode 
structure according to Embodiment 1 of the invention and FIG. 
IB is a cross-sectional view of an electrode structure 
according to Embodiment 2 of the invention; 

FIGS. 2A, 2B and 2C are cross-sectional views for 
showing procedures in a method for fabricating an electrode 
structure according to Embodiment 3 of the invention; 

FIGS. 3A and 3B are cross-sectional views for showing 
procedures in a method for fabricating an electrode structure 
according to Embodiment 4 of the invention; 

FIG. 4A is a diagram for showing the relationship 
between a partial pressure ratio of a nitrogen gas and a 
target voltage applied in discharge in forming a barrier 
metal layer in the method for fabricating an electrode 
structure of Embodiment 4 and FIG. 4B is a diagram for 
showing the relationship between a partial pressure ratio of 
a nitrogen gas and a composition ratio of titanium nitride in 
a barrier metal layer obtained when DC power is set to 1 kw 
in forming the barrier metal layer in the method for 
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fabricating an electrode structure of Embodiment 4; 

FIGS. 5A, 5B and 5C are cross-sectional views for 
showing procedures in a method for fabricating an electrode 
structure according to Embodiment 5 of the invention; 

FIGS. 6A, 6B and 6C are cross-sectional views for 
showing procedures in a method for fabricating an electrode 
structure according to Embodiment 6 of the invention; 

FIG. 7 A is a diagram for showing the relationship 
between a partial pressure ratio of a nitrogen gas and a 
target voltage applied in discharge in forming a first 
barrier metal layer in the method for fabricating an 
electrode structure of Embodiment 6 and FIG. 7B is a diagram 
for showing the relationship between a partial pressure ratio 
of a nitrogen gas and a target voltage applied in discharge 
in forming a second barrier metal layer in the method for 
fabricating an electrode structure of Embodiment 6; 

FIG. 8 is a cross-sectional view of a conventional 
electrode structure ; 

FIGS. 9A and 9B are cross-sectional views for 
explaining problems of the conventional electrode structure; 
and 

FIGS. 10A, 10B and IOC are cross-sectional views for 
showing procedures in a method for fabricating the 
conventional electrode structure. 
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DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

The structure of a polymetal gate electrode according 
to Embodiment 1 of the invention will now be described with 
reference to FIG. 1A. 

As shown in FIG. 1A, on a semiconductor substrate 10 in 
which dopant diffusion layers (not shown) serving as the 
source and the drain are formed, a polysilicon film 12, a 
barrier metal layer 13 of titanium nitride (TiN x ) rich in 
titanium as compared with a stoichiometric ratio and a 
tungsten film 14 are successively deposited with a gate 
insulating film 11 of a silicon oxide film sandwiched 
therebetween. A multi-layer film of the polysilicon film 12, 
the barrier metal layer 13 and the tungsten film 14 is 
patterned into the polymetal gate electrode. 

In Embodiment 1, since the barrier metal layer 13 of 
the titanium nitride rich in titanium as compared with the 
stoichiometric ratio is formed between the polysilicon film 
12 and the tungsten film 14, the amount of nitrogen included 
in the barrier metal layer 13 is small. Therefore, the 
barrier metal layer 13 includes merely a small amount of 
nitrogen to be reacted with silicon included in the 
polysilicon film 12 through high temperature annealing 
carried out on the polymetal gate electrode. Accordingly, 
between the barrier metal layer 13 and the polysilicon film 
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12, a reaction layer of a compound principally including 
silicon and nitrogen is never formed or is formed in merely a 
small thickness. As a result, the interface resistance 
between the barrier metal layer 13 and the polysilicon film 
5 12 can be prevented" from increasing even when the polymetal 
gate electrode of Embodiment 1 is subjected to high 
temperature annealing . 

In the barrier metal layer 13 of the titanium nitride 
rich in titanium as compared with the stoichiometric ratio, 
^ 10 the composition ratio x of nitrogen in the titanium nitride 
iy (TiN x ) is preferably, for example, 0.1 x 0.95 for the 

:. L£ 

i;3 following reason: when x is larger than 0.95, a reaction 

layer 6 of a compound principally including silicon and 

•-. _-i 
:'■ 

nitrogen is formed between the polysilicon film 12 and the 
: !f 15 barrier metal layer 13 through high temperature annealing 
carried out on the polymetal gate electrode, resulting in 
increasing the interface resistance between the polysilicon 
film 12 and the barrier metal layer 13. Also, when x is 
smaller than 0.1, the content of nitrogen in the barrier 

20 metal layer 13 is so small that titanium silicide (TiSi 2 ) is 
formed through a reaction between silicon of the polysilicon 
film 12 and titanium of the barrier metal layer 13 through 
high temperature annealing of the polymetal gate electrode. 
Thereafter, when the polymetal gate electrode is subjected to 

25 high temperature annealing, titanium silicide is agglomerated 

19 



so as to cause peeling. 
EMBODIMENT 2 

The structure of a polymetal gate electrode according 
to Embodiment 2 of the invention will now be described with 
reference to FIG. IB. 

As shown in FIG. IB, on a semiconductor substrate in 
which dopant diffusion layers (not shown) serving as the 
source and the drain are formed, a polysilicon film 22, a 
first barrier metal layer 23 of titanium nitride rich in 
titanium as compared with a stoichiometric ratio, a second 
barrier metal layer 24 of titanium nitride including nitrogen 
in a ratio not less than a stoichiometric ratio and a 
tungsten film 25 are successively deposited with a gate 
insulating film 21 of a silicon oxide film sandwiched 
therebetween. A multi-layer film of the polysilicon film 22, 
the first barrier metal layer 23, the second barrier metal 
layer 24 and the tungsten film 25 is patterned into the 
polymetal gate electrode. 

In Embodiment 2, since the first barrier metal layer 23 
of the titanium nitride rich in titanium as compared with the 
stoichiometric ratio is formed on the polysilicon film 22, 
the amount of nitrogen to be reacted with silicon of the 
polysilicon film 22 through high temperature annealing of the 
polymetal gate electrode is small as in Embodiment 1 . 
Therefore, between the polysilicon film 22 and the first 
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barrier metal layer 23 , a reaction layer of a compound 
principally including silicon and nitrogen is never formed or 
is formed in merely a small thickness. Accordingly, even 
when the polymetal gate electrode of Embodiment 2 is 
subjected to high temperature annealing , the interface 
resistance between the polysilicon film 22 and the first 
barrier metal layer 23 can be prevented from increasing. 

Also, since the second barrier metal layer 24 of the 
titanium nitride including nitrogen in a ratio not less than 
the stoichiometric ratio is disposed, in addition to the 
first barrier metal layer 23, between the polysilicon film 22 
and the tungsten film 25, a dopant (such as B, P and As) 
introduced into the polysilicon film 22 is prevented from 
moving by the first barrier metal layer 23 and the second 
barrier metal layer 24, and hence is prevented from diffusing 
into the tungsten film 25. Furthermore, formation of a 
tungsten silicide layer through a reaction between silicon of 
the polysilicon film 22 and tungsten of the tungsten film 25 
can be avoided. 

Although tungsten is used as the metal with a high 
melting point included in the polymetal gate electrode of 
Embodiment 1 or 2, another metal film with a high melting 
point such as a molybdenum film or a silicide film of a metal 
with a high melting point ( such as a WSi 2 film or a MoSi 2 
film) can be used instead. 
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EMBODIMENT 3 

In Embodiment 3 of the invention , a first method for 
fabricating the polymetal gate electrode of Embodiment 1 will 
be described with reference to FIGS. 2A through 2C. 

First, as shown in FIG- 2A, after a gate insulating 
film 11 of a silicon oxide film with a thickness of, for 
example, 2.6 nm is formed on a silicon substrate 10, an 
amorphous silicon film with a thickness of, for example, 80 
nm is deposited on the gate insulating film 11 by low 
pressure CVD. 

Next, an n-type gate electrode forming region of the 
amorphous silicon film is doped with phosphorus (P) ions at 
an implantation energy of 10 keV and a dose of 8 * 10 15 cm" 2 , 
and a p-type gate electrode forming region of the amorphous 
silicon film is doped with boron (B) ions at an implantation 
energy of 5 keV and a dose of 5 * 10 15 cm" 2 . Then, the 
amorphous silicon film doped with the phosphorus ions or the 
boron ions is subjected to annealing at a temperature of, for 
example, 800 for 30 seconds. Thus, the amorphous silicon 
film is crystallized, thereby forming an n-type or p-type 
polysilicon film 12. Thereafter, a silicon oxide film formed 
on the polysilicon film 12 is removed by using a cleaning 
solution including fluoric acid . 

Subsequently, as shown in FIG. 2B, the resultant 
silicon substrate 10 is placed in a first chamber A in which 
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a titanium nitride target 16 of titanium nitride (TiN x ) rich 
in titanium as compared with a stoichiometric ratio is 
disposed, an argon gas is introduced into the first chamber A 
and discharge is caused in the first chamber A. Thus, plasma 
5 of the argon gas is generated, so that the titanium nitride 
target 16 can be sputtered by argon ions included in the 
plasma. As a result, a barrier metal layer 13 of the 
titanium nitride (TiN x ) rich in titanium as compared with the 
stoichiometric ratio is formed on the polysilicon film 12- 

^ 10 In the titanium nitride target 16, the composition 

ry 

S»y ratio x of nitrogen in the titanium nitride (TiN x ) rich in 

q titanium as compared with the stoichiometric ratio is 0 . 1 x 

0.95, and specifically, in the titanium nitride target 16 
! =Q used in Embodiment 3, the composition ratio x of nitrogen is 

'2 15 0.7 in the titanium nitride (TiN x ). Thus, the barrier metal 
~ layer 13 of titanium nitride (TiN x ) in which x is 0.7 is 

formed on the polysilicon film 12. 

Also, the barrier metal layer 13 preferably has a 
thickness of 5 through 30 nm, and has a thickness of 
20 approximately 10 nm in Embodiment 3. 

Next, as shown in FIG. 2C, the resultant silicon 
substrate 10 is placed in a second chamber B in which a 
tungsten target 17 principally including tungsten is disposed, 
an argon gas is introduced into the second chamber B and 
25 discharge is caused in the second chamber B. Thus, plasma of 
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the argon gas is generated, so that the tungsten target 17 
can be sputtered by argon ions included in the plasma. As a 
result, a tungsten film 14 with a thickness of, for example, 
approximately 50 nm is deposited on the barrier metal layer 
13. 

In Embodiment 3, the barrier metal layer 13 is 
deposited by the sputtering using the titanium nitride target 
16 of the titanium nitride rich in titanium as compared with 
the stoichiometric ratio. Therefore, the barrier metal layer 
13 of the titanium nitride rich in titanium as compared with 
the stoichiometric ratio can be definitely formed on the 
polysilicon film 12. 
EMBODIMENT 4 

In Embodiment 4 of the invention, a second method for 
fabricating the polymetal gate electrode of Embodiment 1 will 
be described with reference to FIGS. 3A, 3B, 4A and 4B. 

First, in the same manner as in Embodiment 3, a 
polysilicon film 12 with a thickness of approximately 80 nm 
is formed on a silicon substrate 10 with a gate insulating 
film 11 of a silicon oxide film sandwiched therebetween. 

Next, as shown in FIG. 3A, the resultant silicon 
substrate 10 is placed in a first chamber A in which a 
titanium target 18 including substantially no nitrogen is 
disposed. Then, a mixed gas of an argon gas and a nitrogen 
gas is introduced into the first chamber A, and discharge is 
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caused in the first chamber A under condition below a 
nitriding point (namely, under condition where the surface of 
the polysilicon film 12 is not nitrided) . Thus, plasma of 
the argon gas is generated, so that the titanium target 18 
can be sputtered by argon ions included in the plasma. 
Therefore, titanium sputtered out from the titanium target 18 
is reacted with nitrogen ions included in the plasma, so that 
a barrier metal layer 13 of titanium nitride rich in titanium 
as compared with a stoichiometric ratio can be formed on the 
polysilicon film 12. 

At this point, a partial pressure ratio (volume flow 
ratio) of the nitrogen gas included in the mixed gas 
introduced into the first chamber A and a target voltage 
applied in the discharge will be described. 

FIG. 4A shows the relationship between the partial 
pressure ratio of the nitrogen gas (N 2 /(N 2 +Ar)) and the 
target voltage applied in the discharge by using DC power of 
the sputtering as a parameter, wherein a black circle denotes 
a nitriding point. When the titanium target 18 is sputtered 
at the partial pressure ratio of the nitrogen gas 
corresponding to a region on the left hand side of the 
nitriding point in which the partial pressure ratio of the 
nitrogen gas exceeds 3%, the barrier metal layer 13 of the 
titanium nitride rich in titanium as compared with the 
stoichiometric ratio can be formed on the polysilicon film 12 
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substantially without forming a reaction layer principally 
including silicon and nitrogen. 

In the case where the DC power is set to 1 kw, the 
partial pressure ratio of the nitrogen gas of 20% corresponds 
to the nitriding point, and hence, the barrier metal layer 13 
is deposited with the partial pressure ratio of the nitrogen 
gas set to 15% in Embodiment 4. 

FIG. 4B shows the relationship, obtained when the DC 
power is set to 1 kw, between the partial pressure ratio of 
the nitrogen gas and the composition ratio of nitrogen in the 
titanium nitride (a ratio of N/Ti, namely, a value x in TiN x ) 
of the barrier metal layer 13. The composition ratio of 
nitrogen in the titanium nitride is obtained by XPS . As is 
understood from FIG. 4B, when the partial pressure ratio of 
the nitrogen gas is set to 15%, the composition ratio of 
nitrogen in the titanium nitride (TiN x ) of the barrier metal 
layer 13 can be approximately 0.7. 

Similarly to Embodiment 3, the composition ratio x of 
nitrogen in the titanium nitride (TiN x ) of the barrier metal 
layer 13 is preferably 0.1 through 0.95, and the thickness of 
the barrier metal layer 13 is preferably 5 through 30 hm. 

Next, as shown in FIG. 3C, the resultant silicon 
substrate 10 is placed in a second chamber B in which a 
tungsten target 17 principally including tungsten is disposed, 
an argon gas is introduced into the second chamber B and 
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discharge is caused in the second chamber B. Thus, a 
tungsten film 14 with a thickness of, for example, 
approximately 50 nm is deposited on the barrier metal layer 
13. 

In the conventional technique, the titanium target 18 
is sputtered by introducing a mixed gas with a partial 
pressure ratio of a nitrogen gas corresponding to a region on 
the right hand side of the nitriding point, namely, not less 
than the nitriding point, so as to form, on the polysilicon 
film 12, a barrier metal layer of titanium nitride with the 
stoichiometric ratio . 

In contrast, in Embodiment 4, the titanium target 18 is 
sputtered by introducing the mixed gas with the partial 
pressure ratio of the nitrogen gas lower than the nitriding 
point. Accordingly, the barrier metal layer 13 of the 
titanium nitride rich in titanium as compared with the 
stoichiometric ratio can be definitely formed on the 
polysilicon film 12. 
EMBODIMENT 5 

In Embodiment 5 of the invention, a first method for 
fabricating the polymetal gate electrode of Embodiment 2 will 
be described with reference to FIGS. 5A through 5C. 

First, in the same manner as in Embodiment 3, a 
polysilicon film 22 with a thickness of approximately 80 nm 
is formed on a silicon substrate 20 with a gate insulating 
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film 21 of a silicon oxide film sandwiched therebetween. 

Next, as shown in FIG. 5A, the resultant silicon 
substrate 20 is placed in a first chamber A in which a 
titanium nitride target 26 of titanium nitride (TiN x ) rich in 
titanium as compared with a stoichiometric ratio is disposed, 
an argon gas is introduced into the first chamber A and 
discharge is caused in the first chamber A. Thus, in the 
same manner as in Embodiment 3, a first barrier metal layer 
23 of the titanium nitride (TiN x ) rich in titanium as 
compared with the stoichiometric ratio is formed on the 
polysilicon film 22. 

In the titanium nitride target 26, the composition 
ratio x of nitrogen in the titanium nitride (TiN x ) rich in 
titanium as compared with the stoichiometric ratio is 0.1 x 
0.95, and specifically, in the titanium nitride target 26 
used in Embodiment 5, the composition ratio x of nitrogen is 
0.7 in the titanium nitride ( TiN x ) • Also, the first barrier 
metal layer 23 is formed in a thickness of approximately 5 nm. 

Subsequently, as shown in FIG. 5B, a mixed gas of an 
argon gas and a nitrogen gas with a partial pressure ratio of 
the nitrogen gas not less than a nitriding point, for example, 
with the partial pressure ratio of 50% or more is introduced 
into the first chamber A and discharge is caused. Thus, a 
titanium nitride film 27 including nitrogen in a ratio not 
less than a stoichiometric ratio is formed in a surface 
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portion of the titanium nitride target 26, so that the 
titanium nitride film 27 can be sputtered by argon ions 
included in the plasma. Accordingly, a second barrier metal 
layer 24 of titanium nitride including nitrogen in a ratio 
5 not less than the stoichiometric ratio is formed on the first 
barrier metal layer 23, The second barrier metal layer 24 is 
formed in a thickness of approximately 10 run. 

Next, as shown in FIG. 5C, the resultant silicon 
substrate 20 is placed in a second chamber B in which a 
'^10 tungsten target 28 principally including tungsten is disposed, 
iy an argon gas is introduced into the second chamber B and 
! : 3 discharge is caused in the second chamber B. Thus, a 
tungsten film 25 with a thickness of approximately 50 nm is 
! ;2 deposited on the second barrier metal layer 24. 

- 3 

,1:15 In Embodiment 5, the first barrier metal layer 23 of 

"■: af 

the titanium nitride rich in titanium as compared with the 
stoichiometric ratio is formed by introducing the argon gas 
into the first chamber A in which the titanium nitride target 
26 of the titanium nitride rich in titanium as compared with 

20 the stoichiometric ratio is disposed, and then the second 
barrier metal layer 24 of the titanium nitride including 
nitrogen in a ratio not less than the stoichiometric ratio is 
formed by introducing the mixed gas of the argon gas and the 
nitrogen gas with the partial pressure ratio of the nitrogen 

25 gas not less than the nitriding point. As a result, the 
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pplymetal gate electrode of Embodiment 2 can be definitely 

fabricated. 

EMBODIMENT 6 

In Embodiment 6 of the invention, a second method for 
5 fabricating the polymetal gate electrode of Embodiment 2 will 
be described with reference to FIGS. 6A through 6C, 7A and 7B. 

First , in the same manner as in Embodiment 3 , a 
polysilicon film 22 with a thickness of approximately 80 nm 

:;3 is formed on a silicon substrate 20 with a gate insulating 

: iQ 

10 film 21 of a silicon oxide film sandwiched therebetween. 

ry 

; U Next, as shown in FIG. 6A, the resultant silicon 

S substrate 20 is placed in a first chamber A in which a 

m titanium target 29 including substantially no nitrogen is 

;;3 disposed. Then, a first mixed gas of an argon gas and a 

rg 15 nitrogen gas with a partial pressure ratio of the nitrogen 
gas lower than a nitriding point is introduced into the first 
chamber A and discharge is caused in the first chamber A. 
Thus, in the same manner as in Embodiment 4, a first barrier 
metal layer 23 of titanium nitride rich in titanium as 
20 compared with a stoichiometric ratio with a thickness of, for 
example, approximately 5 nm is formed on the polysilicon film 
22. An example of the first mixed gas with the partial 
pressure ratio of the nitrogen gas lower than the nitriding 
point is a mixed gas with a partial pressure ratio of the 
25 nitrogen gas of approximately 15% with the DC power set to 1 
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kw. 

Subsequently, as shown in FIG, 6B, a second mixed gas 
of an argon gas and a nitrogen gas with a partial pressure 
ratio of the nitrogen gas not less than the nitriding point 
is introduced into the first chamber A and discharge is 
caused. An example of the second mixed gas with a partial 
pressure ratio of the nitrogen gas not less than the 
nitriding point is a mixed gas with a partial pressure ratio 
of the nitrogen gas of approximately 50% with the DC power 
set . to 1 kW. Thus, a titanium nitride film 27 including 
nitrogen in a ratio not less than a stoichiometric ratio is 
formed in a surface portion of the titanium target 29, so 
that the titanium nitride film 27 can be sputtered by argon 
ions included in the plasma- As a result, a second barrier 
metal layer 24 of titanium nitride including nitrogen in a 
ratio not less than the stoichiometric ratio with a thickness 
of, for example, 10 nm is formed on the first barrier metal 
layer 23. 

Then, as shown in FIG. 6C, the resultant silicon 
substrate 20 is placed in a second chamber B in which a 
tungsten target 28 principally including tungsten is disposed, 
an argon gas is introduced into the second chamber B and 
discharge is caused in the second chamber B. Thus, a 
tungsten film 25 with a thickness of approximately 50 nm is 
deposited on the second barrier metal layer 24. 
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In Embodiment 6, the first barrier metal layer 23 of 
the titanium nitride rich in titanium as compared with the 
stoichiometric ratio is formed by introducing the first mixed 
gas with the partial pressure ratio of the nitrogen gas lower 
than the nitriding point into the first chamber A in which 
the titanium target 29 is disposed, and then, the second 
barrier metal layer 24 of the titanium nitride including 
nitrogen in a ratio not less than the stoichiometric ratio is 
formed by introducing the second mixed gas with the partial 
pressure ratio of the nitrogen gas not less than the 
nitriding point . As a result , the polymetal gate electrode 
of Embodiment 2 can be definitely fabricated. 

In this case, since the first mixed gas with the 
partial pressure ratio of the nitrogen gas lower than the 
nitriding point is introduced into the first chamber A in 
which the titanium target 29 is disposed, a reaction layer of 
a compound (SiN) principally including silicon and nitrogen 
is never formed or is formed in a very small thickness 
differently from the conventional technique (in which a mixed 
gas with a partial pressure ratio of the nitrogen gas not 
less than the nitriding point is introduced). 
EMBODIMENT 7 

In any of Embodiments 3 through 6, the barrier metal 
layer 13 of the titanium nitride rich in titanium, or the 
first barrier metal layer 23 of the titanium nitride rich in 
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titanium and the second barrier metal layer 24 of the 
titanium nitride including nitrogen in a ratio not less than 
the stoichiometric ratio are formed by the sputtering. 
Alternatively , the barrier metal layer may be deposited by 
CVD. 

In employing the CVD, the barrier metal layer can be 
deposited by carrying out the CVD using a TiCl 4 gas at a 
temperature of approximately 680 . The CVD using a TiCl 4 gas 
is represented by the following basic reaction formula: 

6TiCl 4 + 8NH 3 6 TiN + 24 HC1 + N 2 

The composition ratio x of nitrogen in titanium nitride 
(TiN x ) can be changed by controlling a flow ratio of the gas, 
the pressure of the gas or the deposition temperature. 
Organic CVD may be employed instead of the inorganic CVD 
using TiCl 4 . 

After forming the multi-layer film of the polys ilicon 
film 12, the barrier metal layer 13 and the tungsten film 14 
or the multi-layer film of the polysilicon film 22, the first 
barrier metal layer 23, the second barrier metal layer 24 and 
the tungsten film 25 as described in Embodiments 3 through 7 , 
the multi-layer film is patterned into the polymetal gate 
electrode. 

Subsequently, a lightly-doped layer is formed by 
implanting a dopant with the polymetal gate electrode used as 
a mask, a sidewall is formed on the side face of the 
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polymetal gate electrode, and a heavily-doped layer is formed 
by implanting a dopant with the polymetal gate electrode and 
the sidewall used as a mask. 

Thereafter, annealing is carried out at a temperature 
exceeding 750 , for example, at 975 for 30 seconds, thereby 
activating the lightly-doped layer and the heavily-doped 
layer, and then, an interconnect layer is formed. Thus, a 
transistor including the polymetal gate electrode is 
completed. 
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